Several studies have evaluated the association between obesity and thyroid cancer risk. However, the results remain uncertain. In this study, we conducted a meta-analysis to assess the association between obesity and thyroid cancer risk.
Background
Thyroid cancer is a common endocrine malignancy that has rapidly increased in global incidence in recent decades [1] . In the United States, the 6.6% average annual increase in thyroid cancer incidence between 2000 and 2009 is the highest among all cancers [1] . Although the death rate of thyroid cancer is relatively low, the rate of disease recurrence or persistence is high, which is associated with increased incurability, morbidity, and mortality [2] The prevalence of obesity has dramatically increased in the last 2 decades [3] . The diagnosis of obesity is often based on body mass index (BMI), calculated as weight in kilograms divided by height in meters squared (kg/m 2 ). The ideal BMI is between 18.5 and 24.9. Being obese is considered as having a BMI of 30.0 or greater [4] . Obesity has long been recognized as a trigger for many diseases, such as hypertension, hypercholesterolemia, diabetes, and insulin resistance. Additionally, during the last decades obesity has been consistently related to the development and progression of different types of cancers. An extensive review published a few years ago estimated that 20% of all cancers might be caused by obesity [5] .
The relationship between obesity and risk of thyroid cancer has been studied for more than 10 years. Several studies found obesity to be a risk factor in thyroid cancer, but other studies showed no association between obesity and risk of thyroid cancer. These studies reached conflicting conclusions . Two meta-analyses investigated the association between obesity and thyroid cancer risk [27, 28] , reporting that obesity was associated with thyroid cancer risk. However, recent studies did not confirm this result [23, 25, 26] . A single study may have insufficient statistical power to detect a slight effect. Furthermore, these 2 meta-analyses did not include all the observational studies. Therefore, in this study we conducted a meta-analysis to assess the association between obesity and thyroid cancer risk.
Material and Methods

Publication search
We searched PubMed, EMBASE, Springer Link, Ovid, Chinese Wanfang Data Knowledge Service Platform, Chinese National Knowledge Infrastructure (CNKI), and Chinese Biology Medicine (CBM) databases up to 10 August 2014. References from relevant articles were manually checked for further studies. Combination of the following terms were applied: 'thyroid cancer' OR 'thyroid neoplasms'; 'obesity' OR 'BMI' OR 'body mass index'.
Inclusion criteria and data extraction
We included articles if they met all the following criteria: (1) evaluation of obesity and thyroid cancer risk, (2) using a casecontrol or cohort design, (3) adjusted risk ratios (RRs), hazard ratios (HRs), or odds ratios (ORs) with 95% confidence intervals (CIs) were reported.
Data were extracted by 2 authors independently. If they encountered conflicting evaluations, agreement was reached following a discussion; if they could not reached agreement, another author was consulted to resolve the debate. The following information was extracted from each study: first author, year of publication, study type, ethnicity, age, sex, years of follow-up, sample size, number of cases, covariates, adjusted OR/HR/OR, and the corresponding 95% CI of thyroid cancer risk.
Statistical analysis
For thyroid cancer risk, we calculated summary RRs and 95% CIs for obesity versus normal weight. The random effects model was utilized. HRs and ORs were regarded as equivalent to RRs. Statistical heterogeneity among studies was evaluated using the Q and I 2 statistics. For the I 2 metric, we considered low, moderate, and high I 2 values to be 25%, 50%, and 75%, respectively. We did subgroup analyses according to study type, sex, race, pneumonia type, age, smoking status, and histology. Cumulative meta-analysis was also performed. Sensitivity analysis was conducted by excluding 1 study at a time to explore whether the results were driven by 1 large study or by a study with an extreme result. Publication bias was investigated with funnel plots. Egger's test was also used to assess publication bias [29] .
All statistical analyses were performed with STATA software (version 12.0, Stata Corporation, College Station, TX, USA). A threshold of P<0.1 was used to decide whether heterogeneity was present. In other cases, P values were 2-sided, with a significance level of 0.05.
Results
Study characteristics
The process of identifying relevant studies is shown in Figure 1 . The initial search produced 359 studies. After exclusion of duplicates and irrelevant studies, 107 potentially eligible studies were selected. After detailed evaluations, 21 studies were selected for final meta-analysis . A manual search of reference lists from these studies did not yield any new eligible study. Eleven studies reported 2 cohorts, and finally 32 studies (n=12 620 676) were included in this meta-analysis. There were 24 cohort studies and 8 case-control studies. Table 1 summarizes the main characteristics of these included studies.
Quantitative data synthesis
The evaluations of the association between obesity and thyroid cancer risk are summarized in Table 2 As shown in Figure 3 , significant associations were evident with each addition of more data over time. The results showed that the pooled ORs tended to be stable. A single study involved in the meta-analysis was deleted each time to reflect the influence of the individual data set on the pooled ORs, and the corresponding pooled ORs were not materially altered ( Figure 4 ).
Funnel plot analysis was performed to assess the publication bias of studies. The shape of the funnel plot showed asymmetry ( Figure 5 ). Egger's test found evidence of publication bias (P<0.01).
Discussion
The present meta-analysis, including 12 620 676 subjects from 32 observational studies, explored the association between obesity and thyroid cancer risk. We found that obesity was significantly associated with increased thyroid cancer risk. This result remained significant in various types of studies, such as cohort studies and case-control studies. In addition, obesity was significantly associated with thyroid cancer risk in males and females. Subgroup analyses stratified by ethnicity showed that obese Asians had higher thyroid cancer risk than Caucasians, but it is possible that random error may account for this difference. In fact, only 6 studies investigated the association between obesity and thyroid cancer risk in Asians. Thus, more studies with Asians are needed to validate this result. In addition, Price et al. [30] found that dynamic patterns of change for thyroid hormones were not different in Asian and Western Caucasian women. In the subgroup analysis by age, we found obesity exhibited increased thyroid cancer risk in young and old subjects. Actually, when we limited the meta-analysis to studies that controlled for age, a significant association between obesity and thyroid cancer risk remained (RR=1.30; 95% CI, 1.22-1.40; I 2 =22%). This result indicates that the role of obesity was not selective by age. Cigarette smoking is a proinflammatory stimulus and an important risk factor for cancer. Several studies explored the interaction between obesity and smoking habits. Our results showed that both smokers and non-smokers had increased thyroid cancer risk. Furthermore, we investigated the association between obesity and different types of thyroid cancer. Obese subjects showed increased risks of papillary thyroid cancer, follicular thyroid cancer, and anaplastic thyroid cancer. Interestingly, there was an inverse association between obesity and medullary thyroid cancer risk. This result indicates that obesity may have a different effect on the pathogenesis and occurrence of thyroid cancer in different histologies. However, why obesity could influence the different histological types of thyroid cancer is still uncertain. Clearly, more studies are needed to elucidate the differential effect of obesity in the various thyroid cancer types.
There were several potential explanations for why obese individuals may have higher risk of thyroid cancer. First, there is a clinical association between higher serum thyroid-stimulating hormone (TSH) levels and increased risk of malignancy in human thyroid nodules and advanced stage of the disease [31, 32] . Some cross-sectional studies in euthyroid subjects demonstrated a positive association between serum TSH and BMI [33] . Second, leptin levels were higher in thyroid cancer patients compared to healthy subjects in a case-control study [34] . Leptin was also shown to enhance migration of PTC cells [35] . Third, insulin resistance, a common metabolic perturbation in obesity, may play a role in thyroid tumor growth, with 
287
insulin directly binding to insulin receptors or stimulating insulin-like growth factor, estrogen, or other hormones, such as TSH, to enhance the proliferation of thyroid cancer cells [36] .
Obesity is a major public health problem worldwide and its prevalence continues to increase [37, 38] . The incidence of thyroid cancer has also been increasing in many countries [39, 40] . Studies on the positive association between obesity and thyroid cancer will have important implications in the future, because obesity is a modifiable risk factor [41] [42] [43] [44] [45] . Future studies on the effects of weight gain or weight loss on altering risk for thyroid cancer are essential.
Our result was consistent with 2 previous meta-analyses [27, 28] . We also found a significant association between obesity and thyroid cancer risk. However, our study had some advantages. First, it was the first study of interactions between age, histology, and smoking status specificities and obesity. Second, the methodological issues for meta-analyses, such as one-way sensitivity analysis and cumulative meta-analysis, were well investigated. Third, this meta-analysis included 32 studies (n=12 620 676) and thus was more conclusive and more powerful than previous studies.
Results from one-way sensitivity analysis and cumulative meta-analysis suggest the high stability and reliability of our results. Heterogeneity and publication bias can be important influences on the results of meta-analyses. In our study no significant heterogeneity was observed. Additionally, funnel plots and Egger's tests were used to find potential publication bias. The results indicated that there was significant publication bias. Thus, our results should be interpreted with caution 
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and more studies are needed to confirm the effect of obesity on thyroid cancer risk.
Several limitations need to be addressed. First, the number of published studies was not sufficient for a comprehensive analysis, particularly for Africans. Second, all the studies included in this meta-analysis used a case-control or cohort design, which are susceptible to recall and selection biases. Third, because this meta-analysis investigated only obesity, we cannot exclude the possibility that the observed associations may be confounded by other lifestyle factors, such as lower physical activity or dietary factors. 
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Conclusions
This meta-analysis found a significant association between obesity and thyroid cancer risk, except medullary thyroid cancer. Further studies in more ethnic groups, especially African, are warranted to validate this result.
Conflicts of interest
None. S.e. of logRR
